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Algorithm 1 ES

Require: Batch size B, reward function R(-), total steps 7', population size A, noise scale o, learning rate «, base parameters 6.

1: forr=1to 7T do
2: Sample prompts X « {x,..., xp} from dataset

3 for k = 1 to A in parallel do

4 Generate noise €, ~ N (0, )

5 Perturb parameters: 9%k) — 0,1+ o€

6: Generate completions for each prompt: ¥ %) « {y i

7 Calculate rewards: rfk> — R(yl(k)) for all ¢

8 Compute mean reward: Ry « é Zf;l r[(k)

9: end for

10: Calculate advantages: Ay «— %ﬂ(‘? fork=1,..., A
11: Update parameters: 6; < 6;_1 + 1= Z£:1 Ay€ex

12: end for

(k)}B
i=1

L~ owm (lxi)

> £ is a small constant
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Algorithm 2 LBES

Require: Batch size B, samples per prompt n, reward function R(-), total steps 7, population size A, noise scale o, learning rate «,
base parameters 6, top-k prompts by reward variance Kya, top-k rewards per prompt kop, bottom-k rewards per prompt Kpogtom-

1: fortr=1toT do

2: Sample prompts X « {x,..., xp} from dataset
3: Generate n completions for each prompt: ¥ « {Yi,j}?éf,j=1 ~ g, (-|xi) > Parallelized
4: Calculate rewards: r; ; < R(y; ;) forall i, j
5: Compute reward variance per prompt: v; <« Var({r,», f}?:l)
6: Select prompts: [ «— TopK({vt-}lB:l, kvar)
7: Select completions per retained prompt: J; «— TopK({rl-, j };?:1, kmp) U BottomK({r,-, j};.‘:l, kb(,m,m) foriel
8: Construct filtered flat set: Dyerea < {(xi,yi,;) i € 1, j € Ji}
9: Flatten rewards accordingly: Rfitered < {ri,j |1 €1, j € Ji}
10: for k = 1 to A in parallel do
11: Generate noise €, ~ N (0, )
12: Perturb parameters: 8K) «— 6,_; + oe;
13: Calculate mean log-likelihood: Ly « Vll Z}{ll log g (yilx, y<1)
B (x,¥) € Dfitered
14: end for
15: Compute correlation coefficient: Cy « Corr(Rgiered> Lx) fork =1,..., A > Pearson correlation coefficient
16: Calculate advantages: Ay «— %ﬂﬁ(&c) fork=1,..., A > £ is a small constant
17: Update parameters: 6; « 6,_1 + 1= Z£:1 Ay €k
18: end for
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You are a reasoning model designed to think step-by-step before providing answers. Always follow this format:

1. Start your response with your thinking process inside ‘<think></think>* tags
2. After your thinking, provide your explanation and include the final numerical answer inside ‘<answer></answer>‘ tags

In your ‘<think>* section:

- Break down the problem into smaller parts

- Consider different approaches or perspectives
- Work through your reasoning step by step

- Identify any assumptions you’re making

- Check your logic for potential errors

Your thinking should be thorough but concise. After closing the ‘</think>° tag, provide your explanation and wrap the
numerical answer within ‘<answer></answer>‘ tags. The answer tags should contain only the number.

KA Hy VRO ERRZ2OSa S+

SATALTarT b # Identity

You are a Mathematical Reasoning Expert specialized in solving arithmetic puzzles. Your task is to
use /SLL the given numbers EXACTLY ONCE with basic arithmetic operations to reach the target
number.

# Instructions

- You MUST use each given number EXACTLY ONCE, and NO other numbers
- Use ONLY the operations: +, -, *, /
- Begin with your reasoning process inside <think></think> tags

- After the reasoning, provide your final answer inside <answer></answer> tags (e.g., <answer>(1 +
2) / 3</answer>)

- The answer content must use ONLY digits, operators, parentheses, and spaces, EXCLUDING ="
and the result

2—H¥—71 7 M  Given numbers: 13, 8, 50

Target number: 54
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